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(71) We, HOOKER CHEAUGVLS & 
PLASTICS CORP., a Corporation organised 
and existing under dae laws of die State 
of New York, United States of America, rf 
Niagara Falls, State of New Yorl^ United 
States of America, do hereby declare the 
mvention for which we pray that a pamnt 
may be granted to us, and die method by 
which it is to be performed, to be par- 
ticularly described in and by the follow- 
mg statement: — 

The presait invention relates to a process 
for dyeing polymer substrates. 

There is a continuing demand for low 
cost procedures for die coloration of molded 
plastics, especially reinforced polyester 
amcles in sudi industries as the automotive, 
home appliance, radio and tdevision in- 
dustnes and, for example, for use in 
decorative containers. The recent develop- 
naent rf moldable reinforced polyester com- 
positions charaaerized by little or no 
raiden<7 to shrink during die curing diere- 
<rf has brought witii it die demand for suit- 
able mediods for the coloration of molded 
articles. Such polyester conipositions ai« 
usually heterogeneous in nanire, diat is diey 
are formulated to contain not only reinforc- 
mg materials, Le, fiber glass and inorganic 
dihients sudi as talc and asbestos, but also 
^two or more dissimilar organic polymer 
materials, e-g. mixtures of unsaturated poly- 
cstTO widi saturated polyesters, polymediyl 
mediacrylate, polyvinyl diloride or poly- 
styrene. On curing of die unsaturated poly- 
ester component as by cross linldng widi 
s^yrene or otiier etiiylenic monomere, die dis- 
similar polymeric materials separate as a 
distinct phase giving rise to a distincdy 
heterogaieous polymer composition. 
Although on molding such polymer com- 
positions, articles of superior surface smootii- 
ness and low shrinkage can be obtained, die 
heterogeneous nature of die composition 
crates problems in die coloration of such 



Thus, attempts to color the polymer com- 
position by conventional pigmenting pro- 
cedures result in uneven coloration of the 



molded artide, due most litely to differences 
in die solubility or dispcrsibility <rf the pig- 
went m die di ssim f l a r polymers. Dyeing of 
these articles by conventional procedures 
also results in uneven colorations due to die 
dissimilar attraction of the polymers for the 
dyestuff, or die dyeing procedure way result 
m damage to die smootii surface of the 
molded artide. 

The present invention provides a process 
for dyemg a polymer substrate whidi com^ 
pnses forming a coating on die substrate of 
a phosphorus sulfide m which die phos- 
jhopis has a valence of less riian 5 and con- 
Qcting the coated substrate with an aqueous 
liquor con^msing an organic dyestuff and at 
Iwst oat pan by wei^t of a lignin sul- 
phonate per part by weigjit of die organic 
dyestuff. * 

Dyestuff compositions suitable for use in 
die process of dus invention are disclosed 
and claimed in USSN 376649. 

In accordance widi a preferred mode of 
carrying out die process of die present in- 
veition, a substrate consisting essentially of 
a ptdycster, and espedally a polyester which 
has been cured by cross linking an ethylenic- 
afly unsaturated polyester widi an ediylenic- 
ally unsaturated monomer, e.g. styren^ and 
containing a low profile additive, e.g. a 
saturated polyester containing terminal 
carboxyl groups, is contacted widi an organic 
solvent solution of a phosphorus sulfide 
wiierein die phosphorus 4as a valence of less 
™an 5, e.g. phosphorus sesquisulfid^ tetra- 
phosphorus pentasulfide or tetraph^horus 
heptasulfide, diereby forming on die sur- 
face of the substrate a phosphorus sulfide 
cc«tin& and diereafter dyeing the coated 
• substrate by contacting it vsdtii die aqueous 
I liquor. 

. Typical polymers to which die process of 
» diis invention is applicable indnde the homo- 
polymers and copolymers of ethylenically 
unsaturated aliphatic, alicydic and aromatic 
hydrocarbons such as polyediylen^ poly- 
propylene, polybutene, ethylenepropylene co- 
polymers, copolymers of ethylene or propylene 
with other olefins, polybutadiene; polymers. 
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of butadiene^^lyBopraie, polystyrene and 
P<rfymeis of peneiWi hexene, cyclopentadiene. 
and ^^yistyiene Other pol^rs useful S 
*e invention include chlorinated polypro- 
pytene iind chlonnated polyethylene; poljSners 
ofacrylate esters and polymers of S 
acrylate esters, aaylate and mcthacrylate 
r«ins such as ethyl acryiate; alkyd resins: 
cd^dose derivatives such as cellulose acetSS 
ff,?! ii*?"***' butyrate, cellulose nitrate or 
fSnS ^' isobtylene resins 

(polvisobutylene); isocyanate lesins fpoly- 
urethanes); melamine resins such as melamine- 

f«iSS5^^*' « phenol- 
totmaWehyde; polyamide polymers, such as 
Doivamiaes DoivamMiv^nnT^r 
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—-•—"; . ■' '•» yu'yiaoiac poiyrners, such, as u . — ? " «u luc sunace at tne 

oolyamides polyamide^xy and particularly h^&'V JT*'? ^"i«We solvents are 



long Cham syndieac polymeric amides con- 
taininR recurnng carbonamide grouus as an 
integral pan of the main polymer chain; poly- 
ester resins such as unsaturated Dohrestere of 
""^f ' dihydroxy comoounds, and 
polyester elastomer and resordnol resins such 
as resoianoWonnalddivde; rubbers such as 
"t^^ rubber, synthetic pdyisoprene, re- 
clamed rubber, cUorinated robber, poly- 

vmvl resms such as polvmers of vinyl acetal- 
Pgywnylchloiide, ^orinated 
^nde; Dolyformaldehvde; polvohenylme 
SiitJ^^^" ^ diallyiAthalates ^and 
S«S ' Polvcarbonates of phosgene or 

« IhS'f '"k^ comwunds su5i 

« bisphenols, thermoplastic polymers of bis- 
^ends and epidilorohydrin Ctradename 
polymers); graft copolymers and 
polymers of unsaturated hydrocarbons and an 
unsaturated monomer, such as graft copoly- 
meis of polybuiadiene, stynaie and acryio- 
mm^ comoTOly called ABS lesin; ABS - 
pplyvinylchlonde polymers, (t/adename 

pogfmer, tradename Kydex 100). 

Preferably, die polymer used as the sub- 
sttate is a polywter in die cured state such 
«hvu„j^'* polyester obtained from 

Svu^^^y unsaturated polyesters and an 
ejylemcally unsaturated monomer, e.B 
styrene, divmyl benzene, alpha mediylstyre^ 

recently developed low profile polyester com- 
P^tHis comprising a mixture of a styrenated 
fan and a dissimilar polyier, e.g. 

polyvinyl 'chloridf, 
pogstyxene and saturated polyesters. Low 
profile polyester composiuons of this dass arc 
USp'^TlT aVFr^l^V^^' USP 3.48V07, 
Sffnr 'J^'^P' USP 3,721,642 and Bridsh 
I'attnt Specificaaon No. 1430874 

nnfiufi^'^ substrates can be used iil the 
u^led condition or with fillers sudi as glass 
orT*." powder, asbestos, talc 

"Sff ""^ ^ flour or o±er 
vegetable fillers, or waxes. 

,.J^^ .polymer substrates can be in various 
physical forms sudi as shaped arride^ for 



example moMinB, sheets and rods, fibers, 
Dims or fabncs of various thicknesses. 

In the pnicess of diis invention the polymer 
substrate IS first coated widi one or a mixnire 
of phosphorus sulfides, pieferably phosphorut 
sesquisufidc, in which 4e pfaosJhorus^hTI 
vdencc of less than 5. In this sttp the phos- 

mte or dissolved in solvent Preferably die 
^osphorus sulfide is dissolved in a solvent. 

dettimentaUy affea die surface of the polymer 

h^T ''^^ preferably do. 

have a swdhng acuon on die surface die 
substrate. Typical of such suitable solvents are 



nS^^^uf""/"^'*™' "«*yl diloiofotm, 
phenyl chloroform, didiloioediylene, tri- 
diloioethylene, perdiloroethylene, ediyl di- 
ftronude, ediyl chlorobromide, prop^ene di- 
bromide, monochlorobenzcne or monochloro- 
toluene; aromauc hydtocariwns such as 
benzene, toluene or xylene; ketones sudi as 
acetone or mediylediyl ketone; acetic add: 
acetic aad - tridiloroediylene matures; and 
carbon disulfide. The sohition concentration 
IS generaUy m die range of 0.0001 weight 
percent of phosphorus sulfide, based on die 
wei^t «rf the solution, up to a samrated solu- 

r^.^^'^^'^ ^'^ " w*^! percent. 
t»enerally, die temperanire of diis first treat- 
ment step IS in die ran^e <rf 10 to 135°C but 
B preferably 25 to 50°C The contacTtime 
vanes dependmg upon die namre of die sub- 
strate, concentration of die phosphorus sulfide 
solunra, temperature and depdi of cdoradon 
desirrf, but is generally in die range <rf 1 
second to 1 hour or moi^ preferably 1 to 
10 namutes. j * «• 

wJ"* ^ u *^"racting die polymer substrate 
widi the phosphorus sulfide, hquid or solution, 
^ surface of die substrate should be dean. 
When a sduuon is used, die solvent generaUy 
serves to dean ±e surface. PrcferaMv a 
solvent wash to remove din or grime slidi 
^nK' w« or mdd rdease agents, is 
mployed pnor to contacting die substrate 
vnth die phosphorus sulfide liould or solution, 
to improve die adbeskm and" quality of die 
resultmg coating and subsequent dyeing. The 
temperanire of die solvent wash is generafly 
m die range of 30°C to die boiling pomt of 
™« «'l^t used, preferably 50 to 100°C or 
nigher. The contact time varies according to 
the condiuon erf the substrate but ptefewWy 
is from 1 to 15 minutes. 

As a result of die tteamwnt vndi die phos- 
phorus sulfide compound, die latter is de- 
posited at the surface of die polymer sub- 
stratt. By tins is meant diat it can be located 
at die surface of die substrate, enAedded in 
the surface and embedded beneadi die sur- 
face of die substrate. The resultant surface is 
thereby rendered more receptive to organic 
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dyesniflFs, paru^Ry of the basic 
class than the untreated substrate. 

Fdbwiog this initial treatment or prcticat- 
ment, of the substrate, it may be rinsed widi 
a solvent and can then be dried by merely ex- 
{XKing die substrate to die atmosphere or to 
inert atmospheres sudi as nitrogen or carbon 
dioxide, or by drying die surface widi radiant 
heaters or in a conventional oven. Drying 
mies can vary considerably, for example, 
f™?i ^ 30 minutes or niMe, pre- 

feraWy from 5 seconds to 10 minutes and 
more preferably 5 to 120 seconds. The rins- 
mg and drying steps are optional 

The treated polymer substrate is diereafter 
contacted with die aqueous liauor. Preferably, 
m carrying out diis dyeing step of die pro- 
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is .prepared, contaiSj 1 T*3o ^^ITJL'!^!^ ^^T^ 



IS prepared containing 1 to 40 parts by 
weight of die dycstuff oomposidon per 100 
parts by weight of water, preferably 5 to 
P?!? ^^g^ of dyestufiF composition 
per 100 parts by weight of water. The result- 
ing dye solution is rendered alkaline to a pH 
of 9 to 12 by the addition of an alkaline agent, 
e^. sodium hydroxide or sodium carbonate. 
The badi is dien heated to 30 to lOO^C pre- 
ferably 50 to 80°C and die pretreated poly- 
mer substrate entered into die badi. The sub- 
strate is maintained in contact with die dye 
Hquor or badi for 5 to 60 minutes or more, 
preferably 20 to 40 minutEs. Thereafter die 
dyed substrate is removed fr-om die dye badi, 
washed witii warm (40 to SO^C) water and 
dned m air or in a warm (40 to SO^C) oven. 
The dried dyed polymer substrate can, if 
deured, be scoured by boiling in water or 
dilute soap sohinon for 5 to 10 minutes. 

The depdi of shade of die coloration pro- 
duced may be varied eidier by controlling die 
dyesmff concentration of die dye badi or by 
controlling die time of contact of die pre- 
tt^ted polymer substrate widi die dye badL 
Thus, hght or pastel shades can be obtained 
by carrymg out die dyeing in a dihite dye 
badi, e.g, a dye badi containing one or two 
iwrts by weight or less of dvesmff composi- 
tton per 100 parts by weight of water or 
oy esposmg die polymer substrate in mote 
concentrated dye baths for relatively short 
nmes e.?.. about 5 or slididy more minutes. 



^oduced are lev^^e. diey are substantially 
free from die marble-lite ects obtained by 
me conventicmal pigmentation processes and 
when die substrate are dyed direcdy (Lc. widi- 
out prctreatment according to dtis invention 
wnh phosphorus sulfides) widi organic dye- 
stufe. Aldiough the colorations are essentidly 
confined to die surface of die polymer sub- 
strate, diey are pennanentiy bonded to die 
surf ace aai conceal it suflfcienriy to give pfcas- 
mg and uniform aesdietic effects even over 
such heterogeneous materials as "low profile" 
stjj^ted polyesters containing dissimilar 
^^ers, glass fibers, voids and inorganic 

^ The following Examples will illustrate die 
In diese Examples, all pan and 



- — ^v«^i rtuu icmpeiauires 
are given m degrees centigrade unless odier- 
wise specified. 

^ ^ EXAMPLE I 
A molded plaque, measuring 8 in. X 8 
TlJl 1/8 ^> from die "low profile" rein- 
torced polyester composition prepared as des- 
cribed m Spedficarion No. 11430874 was 
solviait washed by immersion in a hot (70°) 
perdiioroediylene batii for two minutes. The 
WKted plaque was removed from die badi 
and dned m air for 1 minute. The plaque was 
then immersed in a warm (35^ to 40°) solu- 
uon of one percent phosphorus sesquisulfide 
m perchloroediylene for five minutes. The pre- 
treated plaque was dien dried in air for one 
nunute following which it was immersed in 
aqw>us dye badi containing 20 parts of a dye- 
stuff composition contaming '20 parts of 
sodkm Ugnin ailfbnate and one part of 
f JjJ^^ Cresyl Bhie^ Colour Index Number 
51010, and 80 parts of water, to whidi 
suffiaeot aqueous caustic soda had been added 
2u?T^*® pH of die badi to about ILO. 
The badi was heated to and mamtained at 
• !i minutes. During diis 

period the badi was agitated mtermittendy. 
rhe dyed plaque was removed from die badi 
and rmsed in warm water and then dried in a 
orculating air oven at 75° for 20 mmutes. 
Ilie dyed plaque was colored a deep level 
^ade ofgreen and was free from motded 
effects. On boiling in water for 5 minutes 



of the polymer substrate, othermeans of con- the water. '**'»"y «> ^^^UoS « dye mro 

me substrate with jhe dye Uquor can 
be used. Thus, relatively large molded objects EXAAIPLE U 

^Lm! fy^'.'^y P'apng the object in a ' A portion, measuring 3 in by 2 in ofnolv 

fihT'^ ^fT' stouonary object. \ immersion in warm (50°) perchloroethykne 
^l^^^ can be dyed by die ' for two minutes. Th^ wihS^lte^ « 



conventional pad hquor, dipping or spraying 
techniques known and practiced in die dyeing 
art* 

The colorations produced by the process of 
this invention are fast to rubbing, organic 
solvents, alkalis, and light. The colorations 



•- — • uuu was re- 

moved from die batii and dried m air f or <»e 
mmnte. The fihn was dien immersed in a 
wann (35°) solution of 1% lAosphorus 
sesquisulfide in perchtoroediylene for five 
minutes. The pretreated fihn was dried m air 
for SIX minutts and dien immersed in an 
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aqueous dye Tzxh containing 20 parts of 
sodium lignin sulfonate, 5 parts of Sevron 
Orange, 500 parts of water and sufficient 
caustic soad to adjust the pH of the bath to 
about 10.0. The film was held in the dycbath 
at 35^ to 40° for thirty minutes, srirring die 
bath intemiinenriy. Thereafter die dyed film 
was rinsed in hot water and dried in a 75® 
oven for 10 to 15 minutes. The deep orange 
colored polypropylene film was fast to boili^ 
water, i.e., the dyed film could be held in 
boiling water for five minutes without notice- 
able bleed of the dye into the hot water bath. 

By repeating the above dyeing procedure 
but omitting the pretreatment with phos- 
phorus sesquisulfide, only a very slight stain- 
ing of the polypropylene fihn occucred. 

EXAMPLE m 

In a similar manner to that in Example II, 
a 3 in. x 2 in. portion <rf polyvinyl chloride 
film was solvent rinsed in perchloroediylene 

A ^ ^ried in air for one minute 

znd then pretreated by immersion in a warm 
(35®) 1% phosphorus sesquisulfide-perchloro- 
ethylene soluuon for five minutes. The film 
was dried in air for six minutes and dyed in 
an alkaline (pH 10.0) aqueous dyebath con- 
taimng 20 parts of sodium lignin sulfonate 
and one part of Viaoria Blue B dissolved in 
500 pans of water. The dyeing was accom- 
phshed in 30 minutes at 65°. The fihn was 
dyed a medium blue shade which was fast to 
boding water. 

EXAMPLE IV 
A molded polybutene plaque, measuring 
3 m. X 2 in. X 1/8 in., was pretreated by 
manersion in a warm (45^) 1% phosphorus 
Msqmsulfidchperchloroediylene solution for 
five minutes. The plaauc was dried in air for 
SIX minutes and then dyed by immersion in an 
alkaline (pH 10.0) aqueous dyebath containing 
20 parts of sodium lignin sulfonate and one 
part of Auramine O dissolved in 500 parts of 
TOter. The dyeing was effected at 70» for 
30 minutes. The dyed plaque was rinsed in 
wanm water and dried in a 75° oven for five 
nunutes. The polybutene plaque was dyed a 
pastel yellow shade which was fast to hot 
water. 

EXAMPLE V 
A pordon of solid amber colored pdy- 
urediane sheet, measuring 3 in. x 3 in. X 
1/4 in., was solvent washed in hot (65°) 
perchloroeihylene for two minutes. .The 
TOshed sheet was air dried for one minute and 
then pretreated by immersion in a warm (35°) 
I A phosphorus sesquisulfide - perchloro- 
ediylene solution for five minutes. The pre- 
treated polyurediane was dried in air for six 
minutes and dien dyed by immersion in an 
alkaline (pH 10.0) aqueous dyebadi contain- 
ing 20 parts of sodium %iin sulfonaa and 



Psrt of Brom Cresyl Blue dissolved in 
500 parts of water. The dyeing was carried 
out at 75° for 30 minutes. The dyed sheet 
ms rinsed widi warm water and dried in a 
75° oven for ten minutes. The deep bluish 
black dyed polyurethane was fa-.t to hot water. 

EXAMPLE VI 
A square molded plaque of high density 
p<rfyediylene, weighing about 25 parts was 
solvent washed by immersion in hot (85°) 
perchloroediylene for about five minutes. 
After drying in air for about one minute^ die 
washed plaque was pretreated by dipping in 
a warm (40°) 17^ solution of phosphorus 
sesquisulfide in perchloroediylene for five 
minutes. The pretreated plaque was dyed a 
bri^t orange shade by immersing it in an 
alkaline (pH 10.0) aqueous dyefaadi contain- 
ing about 20 pans of sodium lignin sulfonate 
and one part of Acridine Orange dissolved in 
500 pans of water at 80° for 30 minutes. The 
dyed plaque was rinsed widi hot water and 
dned in a 75° oven for 30 minutes. The 
dyed plaque was fast to boiling water. 

EXAMPLE Vn 
A blow molded low density polyethylene 
botde was solvent washed by immersion in 
hot (70°) perchloroethylene for two minutes 
and dicreafter it was dried in air for about 
one minute. The botde was pretreated by 
immersion in a wann (35°) 1% soluuon of 
phosphorus sesquisulfide in perdbloroethylene 
for five minutes. The pretreated botde was 
dyed a pale organge shade by immersion in an 
alkaline (pH 10.0) aqueous dycbadi contain- 
ing 20 parts of sodium lignin sulfonate and 
one part of Acridine Orange dissolved in 500 
parts (rf water. The dyed botde was rinsed in 
hot water and dried in 75° oven for 10 
minutes. The dyed botde was fast to hot 
water. 

EXAMPLE Vni 
A molded household mixer housing 
formed from ABS polymer (Marbon GSM) 
and weighing about 75 parts was solvent 
washed by immerrfon in hot (70°) perchloro- 
ediylene for about two minutes. The washed 
housing was air dried for about one minute 
and then pretreated by immersion for five 
nunutes in a warm (35°) 1% solution of 
phosphorus sesquisulfide in perchloroethylene. 
After being dri«i in air for about six minutes, 
die housing was dyed by immersion for 30 
minutes in a hot (75°) alkaline (pH 10.0) 
aqueous dyebath containing 20 parts of 
sodium lignin sulfonate and one part of 
Brilliant Cresyl Blue in 500 pans of water. 
The deep blue colored housing was rinsed 
with hot water and then dried in a 75° oven 
for 10 minutes. The dyed housing was fast to 
boiling water. 
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WHAT W^PLALM IS:— 
^ A process for dyeing a polymer sub- 
strate which comprises forming a coating oa 
the substrate of a phosphorus sulfide in which 
the phosphorus has a valence of les than 5 
and contacting the coated substrate with an 
aqueous liquor comprisujg an organic dye- 
sntnff and at least one pan by weight of a 
Kgnin sulphonate per part by weight of die 
organic dyestuff. 

2. A process according to daim 1 wherein 
the phos|diorus sulfide is pfao^oros 
sesquisulfide. 

3. A process according to dum 1 or 2 
wherein die coating is formed by treating the 
substrate with a solution of the pho^orus 
sulfide in an organic solvent 

4. A process according to rlafm 3 wherein 
the solution contains from 0.1 to 25 weight 
percent of phosphorus sesquisulfide. 

5. A process according to daim 3 or 4 
wherein the organic solvent is perchtoro- 
cdiyleie. 

6. A process according to any one of the 
pieceding claims wherem die substrate is 

a pdyester. 

7. A jproccss according to claim 6 wherein 
the polyester is a crosdmked polyester 
obtained from an ethylenically unsaturated 
polyester and an ediylenically unsaturated 
monomer. 

8. A process according to dann 7 wheiein 
the ciossUnked polyester has been obtained 
from an ethylenically unsaturated polyester 
and styrene. 

9. A process according to daim 7 or 8 
wherein the substrate aLx> comprises a dis- 
snnilar polymer selected from polymethyl- 
methacrjdate, polyvinyl dilmde, polystyrene 
and a saturated polyester. 

10. A process according to Hai'rn 9 where- 
m the dissimilar polymer is a carboxyl group 
terminated saturated polyester. 

11. A process according to any one of 



the polyester contains 45 



50 



claims 6 to 10^ 
a filler. 

12. A process accordmg to any one of 
dahns 1 to 5 wherem the substrate is of pdy- 
propylene. 

13. A process according to any one erf 
daims 1 to 5 wherem die substrate is of poly- 
ediylene. 

14. A process according to any one of 
daims 1 to 5 wherein the substrate is of a 
graft copolymer of pdybutadiene, styrene and 
acrylonitrile. 

15. A process according to any one of 
clanns 1 to 5 wherein ih& substrate is of 
poljrvinyldiloride. 

16. A process according to any one of the 
preceding claims wherem the substrate is 
washed with a solvent before the coating of the 
phosphorus sulfide is formed thereon. 

17. A process according to any one of the 
preceding claims wherein the aqueous liquor 
contains about 20 parts by weigjit of a lignin 
sulfonate per part by weiglit of organic dye- 
stuff. 

18. A process according to any one of the 
preceding daims wherein the lignin sulfonate 
is a sodium lignin sulfonate. 

19. A proass according to any one of the 
preceding claims wherein the aqueous liquor 
is an alkaline aqueous dyebath. 

20. A process according to Qaim 19 where- 
,in die dyebath has a pH of from 9 to 12. 

21. A process accordmg to Qaim 1 sub- 
stantially as described in any one of the 



22. Polymer substrates when dyed by a 
process as daimed in any one of the preced- 
ing daims. 

J. A. KEMP & CO., 
Chartered Patent Agents, 
London WCIR 5EU. 
14 South Square, Gray's Inn, 
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